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,QWURGXFWLRQ
:LQWHU URDG PDLQWHQDQFH VHUYLFH LQYROYHV D ODUJH QXPEHU RI RSHUDWLRQV UHSUHVHQWLQJ D QRWDEOH FKDOOHQJH WR
PXQLFLSDOJRYHUQPHQW7KHVHRSHUDWLRQVLQFOXGHVSUHDGLQJRIFKHPLFDOVDQGDEUDVLYHVVQRZSORZLQJORDGLQJVQRZ





PDNLQJ YHKLFOH URXWLQJ DQG GHSRW ORFDWLRQ GHFLVLRQV 7KH OLPLWHG SURJUHVV LQ WKH XVH RI RSWLPL]DWLRQPRGHOV LV
VRPHZKDWVXUSULVLQJJLYHQWKDWHYHQDVPDOOLQFUHDVHLQHIILFLHQF\RUHIIHFWLYHQHVVWKURXJKRSWLPL]DWLRQFRXOGUHVXOW




7KLV SDSHU LV GLYLGHG LQWR WZR VHFWLRQV 7KH ILUVW VHFWLRQ SUHVHQWV D FDVH VWXG\ RQ .UDOMHYLFD ZLQWHU URDG
PDLQWHQDQFHVHUYLFH7KH URDGQHWZRUN LVSUHVHQWHGDVZHOODV WKHPRGHOXVHG IRURSWLPL]DWLRQ LWV VWUXFWXUHDQG
GDWDLQSXWLVH[SODLQHG7KHVHFRQGVHFWLRQVKRZVWKHFRPSDULVRQRIWKHUHVXOWVREWDLQHGE\GLIIHUHQWLQSXWVLQWRWKH




FLW\ ZLWK ORW RI HYHU\GD\ FRPPXWHUV WRZDUG WZR ODUJHU XUEDQ DUHDV &ULNYHQLFD DQG 5LMHND )LJXUH  ,WV DUHD
H[WHQGVRYHUVTXDUHNLORPHWHUVDQGLWKDVDSSUR[LPDWHO\NLORPHWHUVRIURDGZD\ZLWKWKUHHPDLQURDGHQWULHV
WRWKHFLW\&XUUHQWZLQWHUPDLQWHQDQFHVHUYLFHLVREWDLQHGE\DSULYDWHFRPSDQ\'HFLVLRQVSHUWDLQLQJWRZKHQDQG
ZKHUH WR GHSOR\ VHUYLFH YHKLFOHV DUH W\SLFDOO\ PDGH E\ D KXPDQ VXSHUYLVRU EDVHG RQ PRVWO\ VWDWLF ZHDWKHU














7KH SUREOHP DULVHV ZKHQ WKH FROG IURQW EULQJV XQXVXDO ZHDWKHU FRQGLWLRQV %DVHG RQ WKH ZHDWKHU FRQGLWLRQV
JLYHQ E\&URDWLDQ0HWHRURORJLFDO DQG+\GURORJLFDO 6HUYLFH RYHU WKH ODVW ILYH \HDUV  WKHZRUVW FDVH
VFHQDULR ZDV FKRVHQ IRU IXUWKHU UHVHDUFK :RUVW FDVH RFFXUUHG RQ WKH GD\V EHWZHHQ WK RI -DQXDU\ DQG WK RI
)HEUXDU\RIWKH\HDU7HPSHUDWXUHVZHUHUDQJLQJIURPWR&QRUWKZLQGEORZLQJXSWR%HDXIRUWV
DQG SUHFLSLWDWLRQZDVPHDVXUHG DSSUR[LPDWHO\ PPGD\ 7KHPDLQ REMHFWLYH RI WKLV SDSHU LV WR GHYHORS DQ




,Q VSLWHRI WKHGLIILFXOW\RIZLQWHU URDGPDLQWHQDQFHYHKLFOH URXWLQJSUREOHPV UHFHQWPRGHOV WHQG WR WDNH LQWR
DFFRXQW D ODUJHU YDULHW\ RI FKDUDFWHULVWLFV RI WKH SUREOHPV DULVLQJ LQ UHDOZRUOG DSSOLFDWLRQV DQG WKH SURSRVHG
VROXWLRQ PHWKRGV DUH RIWHQ EDVHG RQ ORFDO VHDUFK WHFKQLTXHV >@ 7KHUH LV DQ H[WHQVLYH OLWHUDWXUH RI DFDGHPLF
UHVHDUFKRQYDULRXVLVVXHVUHODWHGWRWKHSODQQLQJGHVLJQDQGPDQDJHPHQWRIZLQWHUURDGPDLQWHQDQFHRSHUDWLRQV
VXPPHGXSE\3HUULHUHWDO>@6LQFH.UDOMHYLFDLVORFDWHGLQPLOG0HGLWHUUDQHDQFOLPDWHDUHDWKHUHLVQRQHHGIRU
SODQQLQJ WKH SORZLQJRU VQRZGLVSRVDO RSHUDWLRQV VR FDVH VWXG\ LV FRQFHQWUDWLQJRQ WKH VSUHDGLQJ RSHUDWLRQV RI
ZLQWHUURDGPDLQWHQDQFH

6SUHDGLQJ RSHUDWLRQV DUH GLUHFWHG DW DFKLHYLQJ WKUHH VSHFLILF JRDOV LQ ZLQWHU URDG PDLQWHQDQFH DQWLLFLQJ










,Q SDUWLFXODU YHKLFOH URXWLQJ SUREOHPV IRU VSUHDGLQJ RSHUDWLRQV FRQVLVW RI GHWHUPLQLQJ D VHW RI URXWHV HDFK




D QRQOLQHDUPL[HG LQWHJHU SURJUDP DQG D FROXPQ JHQHUDWLRQ DOJRULWKP IRU D VDOW VSUHDGHU URXWLQJ SUREOHPZLWK




DQGZKRVHQRGHVFRUUHVSRQG WR WKH URDG MXQFWLRQVDQG WR WKHYHKLFOHDQGPDWHULDOVGHSRW ORFDWLRQV ,Q.UDOMHYLFD
WKHUH DUH WRWDO RI  QRGHV LQFOXGLQJ QRGHV IRU YHKLFOH DQG PDWHULDO GHSRW ORFDWLRQ $VVRFLDWHG ZLWK WKH
WUDQVSRUWDWLRQ QHWZRUN LV DPD[LPXP WLPH IRU FRPSOHWLQJ VSUHDGLQJ RSHUDWLRQV EDVHG RQ SROLWLFDO DQG HFRQRPLF
FRQVLGHUDWLRQV )RU WKLV FDVH VWXG\ RQH PRGHO ZLWK WZR GLIIHUHQW YDULDWLRQV ZDV SURJUDPPHG 7KH ILUVW PRGHO
YDULDWLRQ FDOFXODWHV RSWLPDO URXWHV IRU WKH FXUUHQW ZLQWHU PDLQWHQDQFH VHUYLFH DQG WKH VHFRQG PRGHO YDULDWLRQ
LQFUHDVHVWKHQXPEHURIYHKLFOHVDQGGHSRWVIRUJLYHQQHWZRUN
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ODQG XVH DQG GHQVLW\ RI GHYHORSPHQW DQG WLPHV IRU VSUHDGLQJ FRPSOHWLRQ IRU HDFK FODVV 7KH FDSDFLW\ RI WKH
VSUHDGHULVH[SUHVVHGDVWKHPD[LPXPTXDQWLW\RIFKHPLFDOVRUDEUDVLYHVWKHVSUHDGHUFDQGLVFKDUJH>@,QWKLV






RSHUDWLRQV URXWHVPXVW VWDUW DW WKHSURSHU WLPH IRU HIIHFWLYHVSUHDGLQJRI FKHPLFDOV7KHGHFLVLRQPXVW WDNH LQWR
DFFRXQW VXFK IDFWRUV DV W\SHRI VQRZH[SHFWHG WHPSHUDWXUHFRQGLWLRQVDW WKH WLPHRI DQG IROORZLQJ DSSOLFDWLRQ
DQWLFLSDWHGYDULDWLRQVDWWKHFULWLFDOIUHH]HWKDZSRLQWPHWKRGVRIDSSOLFDWLRQDQGW\SHVRIFKHPLFDOV7REDODQFH
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ĮYVWDUWYL PLQKDQGGYL YVWDUW Y,IWKHFDSDFLW\FRQVWUDLQWSHUPLWVVHW3 3YVWDUWYL
WKHOLQNYVWDUWYLPXVWEHVHUYLFHGDWOHDVWRQFH
E &KRRVHDQRQVHUYLFHGUHTXLUHGOLQNYLYMVXFKWKDWYLLVDGMDFHQWWRYVWDUWLQPRGHOQHWZRUNĮYVWDUWYL


















σ σ ܿ௜௝ሺݔ௜௝௞ ൅ ݔ௝௜௞൫௩೔ǡ௩ೕ൯אா ሻ௞א௄ ǡ   
VXEMHFWWR

σ ሺݔ௜௝௞ ൅ ݔ௝௜௞ሻ ൒ ͳሺሺݒ௜ǡ ݒ௝ሻ א ܧ௞א௄ ǡ   
σ ܿ௜௝ሺݔ௜௝௞ ൅ ݔ௝௜௞ሻ ൑ ܾ௞ሺ݇ א ܭሻǡ൫௩೔ǡ௩ೕ൯אா    
σ ݔଶ௝௞ ൒ ͳሺ݇ א ܭሻǡ൛௩ೕǣሺ௩మǡ௩ೕሻൟאா    
σ ݔ௝ଶ௞ ൒ ͳሺ݇ א ܭሻǡ൛௩ೕǣሺ௩ೕǡ௩మሻൟאா    
ݔ௜௝௞ א ሼͲǡͳሽቀ൫ݒ௜ǡ ݒ௝൯ א ܧǡ ݇ א ܭቁǤ   





2.2. Optimization of routes with depot and fleet increase 
)RU WKH VHFRQGPRGHOYDULDWLRQ WKHQXPEHURI WKHGHSRWV DQGYHKLFOHVKDVEHHQ LQFUHDVHG$QRWKHUGHSRW DQG
VDPHW\SHYHKLFOHKDYHEHHQDGGHGWRWKHPRGHODWQRGHVRWKHWRWDOQXPEHURIGHSRWVDQGDVVRFLDWHGYHKLFOHV
HTXDOV WZR /RFDWLRQV RI WKH GHSRWV DUH RQ WKH RSSRVLWH VLGHV RI WKH FLW\1RGHV  DQG  DUH UHSUHVHQWLQJ WKH
GHSRWV ORFDWLRQ LQ VHFRQG PRGHO )LJXUH  7KH VHFRQG PRGHO YDULDWLRQ KDV EHHQ SURJUDPPHG WR UHYLHZ WKH
SRVVLEOHLPSURYHPHQWVIRUWKHZLQWHUPDLQWHQDQFHVHUYLFH7KHURXWHVPXVWVDWLVI\VHYHUDORSHUDWLRQDOFRQVWUDLQWV












ĮYVWDUWYL PLQKDQGGYL ,IWKHFDSDFLW\FRQVWUDLQWSHUPLWVVHW3 3YVWDUWYLWKHOLQNYVWDUW
YLPXVWEHVHUYLFHGDWOHDVWRQFH
E &KRRVHDQRQVHUYLFHGUHTXLUHGOLQNYLYMVXFKWKDWYLLVDGMDFHQWWRYVWDUWLQPRGHOQHWZRUNĮYVWDUWYL



















σ σ ܿ௜௝ሺݔ௜௝௞ ൅ ݔ௝௜௞൫௩೔ǡ௩ೕ൯אா ሻ௞א௄ ǡ   

189 Ivona Gudac et al. /  Procedia Engineering  85 ( 2014 )  183 – 192 
VXEMHFWWR

σ ሺݔ௜௝௞ ൅ ݔ௝௜௞ሻ ൒ ͳሺሺݒ௜ǡ ݒ௝ሻ א ܧ௞א௄ ǡ   
σ ܿ௜௝ሺݔ௜௝௞ ൅ ݔ௝௜௞ሻ ൑ ܾ௞ሺ݇ א ܭሻǡ൫௩೔ǡ௩ೕ൯אா    
σ ݔ଴௝௞ ൒ ͳሺ݇ א ܭሻǡ൛௩ೕǣሺ௩బǡ௩ೕሻൟאா    
σ ݔ௝଴௞ ൒ ͳሺ݇ א ܭሻǡ൛௩ೕǣሺ௩ೕǡ௩బሻൟאா    
ݔ௜௝௞ א ሼͲǡͳሽቀ൫ݒ௜ǡ ݒ௝൯ א ܧǡ ݇ א ܭቁǤ   
7KHREMHFWLYHIXQFWLRQPLQLPL]HVWKHWRWDOGLVWDQFHWUDYHOHG&RQVWUDLQWUHTXLUHVWKDWHDFKURDGVHJPHQWEH
VHUYLFHGDWOHDVWRQFHIURPHLWKHUGLUHFWLRQE\DVSUHDGHUWUXFN&RQVWUDLQWLPSRVHVDOLPLWRQWKHGLVWDQFHHDFK




ORFDWLRQ DUH VXIILFLHQW IRU RSWLPDO URDG PDLQWHQDQFH RI D VPDOO WRZQ OLNH .UDOMHYLFD 1HYHUWKHOHVV WKH URXWH








7KHZLQWHU URDG FOHDQLQJ RSWLPL]DWLRQZDV FDUULHG RXW DFFRUGLQJ WR WKHPRGHO IORZ GLDJUDP )LJXUH  7KH
PRGHO ZDV IRUPXODWHG ZLWK 3\WKRQ D SURJUDPPLQJ ODQJXDJH FUHDWHG E\ *XLGR YDQ 5RVVXP EDVHG RQ HDUOLHU
D E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RSHUDWLRQVUHVHDUFKPRGHOVIRUURXWLQJRIVSUHDGHUYHKLFOHV>@&XUUHQWURDGPDLQWHQDQFHVHUYLFHZDVH[DPLQHG
























































DW OHDVW RQFH >@ *LYHQ UHVXOW IRU WKH ILUVW PRGHO VKRZ WKDW D VLJQLILFDQW WLPH FDQ EH VDYHG ZKLOH SHUIRUPLQJ
VSUHDGLQJ RSHUDWLRQV DOPRVW  RI WLPH XVXDOO\ VSHQW IRU WKH RSHUDWLRQ :KLOH WKH QHZ PRGHO GHPRQVWUDWHV
LPSUHVVLYHFDSDELOLWLHVWRLQFOXGHPRUHLVVXHVLPSRUWDQWWRWKHRSHUDWLQJDJHQFLHVWKHUHLVVWLOODODUJHJDSEHWZHHQ
VWDWHRIWKHDUWPRGHOVDQGDFWXDOLPSOHPHQWDWLRQV6RPHUHDVRQVIRUWKLVJDSLQFOXGHWKHGLIILFXOW\RIWKHSUREOHPV







ZDV UHYLHZHG WKURXJK FDSDFLWDWHG YHKLFOH URXWLQJ SUREOHP ZLWK WKH ZRUVW ZHDWKHU VFHQDULR FKRVHQ IRU WKH
VLPXODWLRQ7KHZLQWHUURDGFOHDQLQJRSWLPL]DWLRQZDVFDUULHGRXWDQGVKRZHGURRPIRUDGMXVWPHQWVRIWKHZLQWHU
URDG PDLQWHQDQFH VHUYLFH LQ .UDOMHYLFD *LYHQ WKH FXUUHQW PDLQWHQDQFH VHUYLFH VLWXDWLRQ WKH UHVXOWV RI WKH
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>@$/6R\VWHU([DPLQDWLRQRIDOWHUQDWLYHPRGHOVIRUURXWLQJZLQWHUPDLQWHQDQFHWUXFNVLQ:(0H\HU&RVWHIIHFWLYHQHVVVWXGLHVRI
DQWLVNLGDQGGHLFLQJSURJUDPVLQ3HQQV\OYDQLD5HSRUW1R3HQQV\OYDQLD7UDQVSRUWDWLRQ,QVWLWXWHSS
>@02PHU(IILFLHQWURXWLQJRIVQRZUHPRYDOYHKLFOHV0DVWHUGLVVHUWDWLRQ&ROOHJHRI(QJLQHHULQJDQG0LQHUDO5HVRXUFHV:HVW9LUJLQLD
8QLYHUVLW\
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